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Abstract 

Background: Candida albicans is the most common cause of candidemia and other forms of invasive candidiasis. 
Systemic infections due to C. albicans exhibit good susceptibility to fluconazole and echinocandins. However, the 
echinocandin anidulafungin was recently demonstrated to be more effective than fluconazole for systemic Candida 
infections in a randomized, double-blind trial among 245 patients. In that trial, most infections were caused by 
C. albicans, and all respective isolates were susceptible to randomized study drug. We sought to better understand 
the factors associated with the enhanced efficacy of anidulafungin and hypothesized that intrinsic properties of the 
antifungal agents contributed to the treatment differences. 

Methods: Global responses at end of intravenous study treatment in patients with C. albicans infection were 
compared post-hoc. Multivariate logistic regression analyses were performed to predict response and to adjust for 
differences in independent baseline characteristics. Analyses focused on time to negative blood cultures, persistent 
infection at end of intravenous study treatment, and 6-week survival. 

Results: In total, 135 patients with C. albicans infections were identified. Among these, baseline APACHE II scores 
were similar between treatment arms. In these patients, global response was significantly better for anidulafungin 
than fluconazole (81.1% vs 62.3%; 95% confidence interval [CI] for difference, 3.7-33.9). After adjusting for baseline 
characteristics, the odds ratio for global response was 2.36 (95% CI, 1.06-5.25). Study treatment and APACHE II score 
were significant predictors of outcome. The most predictive logistic regression model found that the odds ratio for 
study treatment was 2.60 (95% CI, 1.14-5.91) in favor of anidulafungin, and the odds ratio for APACHE II score was 
0.935 (95% CI, 0.885-0.987), with poorer responses associated with higher baseline APACHE II scores. Anidulafungin 
was associated with significantly faster clearance of blood cultures (log-rank p < 0.05) and significantly fewer 
persistent infections (2.7% vs 13.1%; p < 0.05). Survival through 6 weeks did not differ between treatment groups. 

Conclusions: In patients with C. albicans infection, anidulafungin was more effective than fluconazole, with more 
rapid clearance of positive blood cultures. This suggests that the fungicidal activity of echinocandins may have 
important clinical implications. 
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Background 

Despite the availability of new antifungal agents, systemic 
candidiasis (i.e., candidemia and other forms of invasive 
candidiasis) continue to contribute to excess morbidity, 
greater mortality, prolonged hospitalizations, and 
increased costs [1,2]. Epidemiological data demonstrate 
that the frequency of Candida infections is rising [3-6], 
along with an increase in the proportion of infections 
caused by non-albicans Candida species that are intrinsi- 
cally resistant or variably susceptible to fluconazole 
[7-10]. However, C. albicans continues to be the most 
common Candida species isolated [6,11,12]. 

The vast majority of C. albicans isolates from blood- 
stream infections remain fully susceptible to fluconazole, 
which has been the treatment of choice for these infec- 
tions in most settings [13]. However, updated IDSA 
guidelines now favor an echinocandin (anidulafungin, 
caspofungin, or micafungin) as first-line treatment for 
systemic candidiasis in moderately severe to severely ill 
patients or those with prior azole exposure [14]. Echino- 
candins have several potential advantages over flucona- 
zole for the treatment of systemic candidiasis. They have 
a broader spectrum of activity (encompassing flucona- 
zole-resistant C. glabrata and C. krusei) and exhibit 
potent fungicidal activity against most Candida species 
[15-17]. Echinocandins are highly active in vitro against 
C. albicans, with lower MICs than those of fluconazole 
[8,18]. While fluconazole and the echinocandins have 
similarly favorable safety profiles, the latter do not 
require dose adjustment in patients with renal insuffi- 
ciency [19-21]. 

A phase III, randomized, double-blind study compared 
anidulafungin with fluconazole as primary treatment of 
systemic candidiasis in adult patients infected with any 
Candida species, except C. krusei [22]. Global response 
rates at the end of IV study treatment in mITT patients 
were significantly higher with anidulafungin (76%) than 
fluconazole (60%). The superiority of anidulafungin was 
questioned because of a potential center effect. However, 
a number of robust statistical tests all failed to show the 
presence of such an effect [22]. 

Of note, C. albicans was identified as the cause of 
infection in the majority of cases (62%) and the difference 
in global responses among this clinically important sub- 
group was remarkable: 81% with anidulafungin versus 
62% with fluconazole (p = 0.02) [22]. Since C. albicans 
isolates were almost uniformly susceptible to fluconazole 
[22], the excess failures in the fluconazole group could 
not be attributed to antifungal resistance. However, due 
to the lack of a multivariable analysis, it was unclear 
whether these differences were potentially related to 
unknown host factors. We therefore conducted a post- 
hoc analysis using data collected from that trial, in order 



to explore the factors associated with the better global 
response of anidulafungin, specifically in patients with C. 
albicans infections. 

Methods 

Study Design 

The design of the original randomized clinical trial in 
patients with confirmed candidemia or other forms of 
invasive candidiasis has been described in detail previously 
[22] . Enrolled patients were randomized to receive blinded 
IV treatment with either anidulafungin or fluconazole; 
after > 10 days, the antifungal regimen could be changed 
to open-label oral fluconazole. The primary endpoint was 
global response at end of IV study treatment in the mITT 
population. Other comparisons included time to negative 
blood culture, rates of persistent infection at end of IV 
study treatment (as assessed by the investigator based on 
available clinical and microbiologic data), and 6-week 
survival. 

For the purposes of this post-hoc analysis, the study 
database was reviewed to identify all patients with systemic 
candidiasis caused by C. albicans only. Patients with non- 
albicans Candida infections and mixed infections (C. albi- 
cans and another concurrent pathogen) at baseline were 
excluded from all subsequent analyses. 

Microbiology 

Screening blood cultures were obtained for all patients; 
those cultures obtained > 24 hours before study entry 
were repeated at baseline. Per the study protocol, blood 
cultures were also to be obtained on Day 3, 7, and subse- 
quently every 3 days until negative while on study medica- 
tion. Additional blood cultures could be obtained when 
clinically indicated, at the investigator's discretion. For 
patients with microbiologic evidence of infection from 
sites other than blood, culture from the same site was 
repeated as clinically indicated. All Candida isolates were 
submitted to a reference laboratory, where MICs were 
determined according to standard methods current at the 
time of the study [23,24]. 

Statistical Analyses 

The following analyses were conducted using data col- 
lected from all patients with C. albicans infection-only 
enrolled in the original clinical trial: 

• In order to determine whether treatment arms dif- 
fered significantly in terms of independent baseline 
characteristics (see Table 1 for complete list, includ- 
ing risk factors for systemic candidiasis), these char- 
acteristics were compared by univariate analysis 
using the chi-square test or Fisher's exact test, as 
appropriate. Exceptions were age and APACHE II 
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Table 1 Baseline characteristics of patients infected with C. albicans only 



Characteristic 



Anidulafungin (n = 74) 



Fluconazole (n = 61) 



Sex, n (%) 

Male 

Female 
Age (years) 3 

Mean ± SD 

Range 

Race or ethnic group, n {%) 
White 
Black 
Other 

Risk factors for Candida infection, n (%) 

Central venous catheter 

Catheter removed within 24 h of study entry 

Broad-spectrum antibiotics 3 

Recent surgery 

Recent hyperalimentation 

Underlying malignancy 

Immunosuppressive therapy 
APACHE II score, n (%) 

< 20 

> 20 

Mean ± SD (median) 
Range 

Absolute neutrophil count, n (%) 3 

> 500/mm 3 

< 500/mm 3 

Site of infection, n (%) 

Blood only 

Deep tissue infection 



39 (52.7) 
35 (47.3) 

54.6 ± 1 7.9 
16-89 

59 (79.7) 

7 (9.5) 

8 (10.9) 

54 (73.0) 
70 (94.6) 
43 (58.1) 
32 (43.2) 

1 7 (23.0) 

18 (24.3) 
11 (14.9) 

60 (81.1) 
14 (18.9) 

13.7 ± 7.8 (12) 
2-37 

73 (98.6) 
1 (1-4) 

67 (90.5) 
7 (9.5) 



34 (55.7) 
27 (44.3) 

59.7 ± 17.1 
24-91 

47 (77.0) 

8 (13.1) 
6 (9.8) 

47 (77.0) 

56 (91.8) 
44 (72.1) 
29 (47.5) 
12 (19.7) 
18 (29.5) 
12 (19.7) 

52 (85.2) 

9 (14.8) 
14.3 ± 6.4 (14) 

3-30 

57 (93.4) 
4 (6.6) 

51 (83.6) 

10 (16.4) 



0.858 



0.097° 



0.823 



0.691 
0.731 
0.106 
0.728 
0.678 
0.560 
0.497 
0.605 b 



0.175 



0.343 



a Baseline variables significant at the p < 0.20 level. 

b p value calculated using a f-test, assuming continuous distribution of this variable. 



score, which were compared using the f-test. The 
same methods were also used to identify all baseline 
characteristics that differed between groups at the 
p < 0.2 level. 

♦ In order to compare global response between treat- 
ment arms after adjusting for baseline factors, all 
those baseline characteristics that differed at the p < 
0.2 level were placed into a multivariate logistic 
regression model with global treatment success at 
end of IV study treatment as the response variable. 
Treatment was retained in the model and all vari- 
ables were assessed for co-linearity. 

♦ Thereafter, a best logistic regression model was 
selected based on the Akaike Information Criterion 
[25], in order to identify individual baseline variables 
that significantly predicted treatment success at end 
of IV study treatment. Adjusted odds ratios for treat- 
ment and other variables were calculated, together 
with their respective 95% CIs. Since this was an 



exploratory post-hoc study, no adjustment for multi- 
ple comparisons was made. 

♦ In order to account for center-to-center variability, 
this final model was then adjusted to also incorpo- 
rate center as a random effect. 

To compare the time to negative blood cultures, all 
patients with a positive blood culture within 24 hours of 
study entry (Day 1) were identified. Results of blood cul- 
tures obtained per study protocol, and as clinically indi- 
cated, were used in this analysis. The time in days to the 
first documented sustained negative blood culture was 
incorporated into a Kaplan-Meier analysis, and differences 
between treatments were assessed using both the log-rank 
test and the Wilcoxon test. Patients with invasive candi- 
diasis confirmed through positive deep-tissue culture only 
(i.e. without concomitant isolation of Candida from the 
bloodstream) were excluded from this time-to-event ana- 
lysis, since tissue cultures were not obtained according to 
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the same pre-specified schedule as blood cultures. The 
incidence of persistent Candida infection was compared 
using chi-square analysis. Kaplan-Meier analyses of survi- 
val were generated and the difference in survival between 
treatments at 6 weeks from study entry was assessed using 
the log-rank test. All statistical analyses were conducted 
using SAS version 8.2 (SAS Institute Inc., Cary, NC). 

Results 

Baseline Characteristics 

The overall mITT population of 245 patients included 
135 patients with C. albicans infection only; 74 of these 
had been randomized to anidulafungin and 61 to flucona- 
zole. Seventeen (12.6%) patients were enrolled at a single 
study site; 28 sites (out of a total of 36) each enrolled < 
5% of all mITT patients with C. albicans. Most presented 
with candidemia only (90.5% vs 83.6% of patients treated 
with anidulafungin and fluconazole, respectively; p = 0.34 
by chi-squared test); the remaining patients had C. albi- 
cans isolated from other normally sterile sites (including 
peritoneal fluid/abdominal abscess or pleural fluid), with 
or without concomitant isolation from the bloodstream. 
Baseline characteristics for patients with C. albicans were 
similar to those of the overall patient population [22]. 
There were no significant differences between the two 
treatment groups in baseline demographic or clinical 
characteristics, including age, sex, race, APACHE II 
score, neutropenia, and other possible risk factors for 
invasive Candida infection (Table 1). Central venous 
catheters present at baseline were removed from all but 
nine patients (four in the anidulafungin and five in the 
fluconazole group). 

Susceptibility of C. Albicans Isolates 

Over 90% of blood cultures were collected at those time 
points specified by the study protocol (± 1 day). The 
median number of blood cultures collected per patient 
was 16 in each arm. The C. albicans isolates tested were 
uniformly susceptible to anidulafungin (MIC range, 
< 0.002 to 0.03 ug/ml). All but one of the baseline 
C. albicans isolates were susceptible to fluconazole (MIC 
range, < 0.06 to > 128 Ug/ml). Of note, the single patient 
with a fluconazole-resistant C. albicans isolate at baseline 
(fluconazole MIC > 128 ug/ml) was randomized to 
receive anidulafungin. 

Efficacy 

Global Response 

The investigator-assessed global response rate at end of 
IV study treatment was higher in patients with C. albi- 
cans infections treated with anidulafungin compared to 
fluconazole: 81.1% versus 62.3% (difference 18.8%; 95% 
CI, 3.7-33.9). The difference was statistically significant 
at end of IV study treatment (p = 0.02), and remained 



significant at the end of all treatment and at the 2-week 
follow-up (Figure 1). In the few patients with central 
venous catheters at baseline who did not have these 
removed, global response rates at end of IV study treat- 
ment were 3/4 for anidulafungin and 3/5 for 
fluconazole. 

Univariate Analyses and Multivariate Logistic Regression 

There were no significant (p < 0.05) imbalances in any 
baseline clinical or demographic characteristics between 
the two treatment groups (Table 1). The significant dif- 
ference in global response at end of IV study treatment 
between the two treatment groups observed in the origi- 
nal clinical trial for patients with C. albicans [22] was 
maintained in the multivariate logistic regression model 
after adjustment for all baseline variables that differed 
between groups at the p < 0.2 level (adjusted odds ratio, 
2.36; 95% CI, 1.06-5.25). Specifically, these baseline vari- 
ables were age, use of broad-spectrum antibiotics, and 
absolute neutrophil count. In further analyses using the 
Akaike Information Criterion to select a best model, 
study treatment and APACHE II score (as a continuous 
variable) were identified as significant and independent 
predictors of global response at end of IV study treat- 
ment in patients with invasive C. albicans infection. 
From that analysis, after accounting for center as a ran- 
dom effect, the odds ratio for study treatment was 2.60 
(95% CI, 1.14-5.91) in favor of anidulafungin, and the 
odds ratio for APACHE II score was 0.935 (95% CI, 
0.885-0.987), with poorer responses associated with 
higher baseline APACHE II scores. Additional analyses 
adjusting for a potential center effect, i.e., grouping the 
largest-enrolling center versus the rest and grouping all 
centers that enrolled > 5% of patients versus the rest, 
resulted in very similar odds ratios (2.57 and 2.67, respec- 
tively) and 95% CIs for the treatment effect. 
Time to Negative Blood Culture 

Forty-nine patients had positive blood cultures for 
C. albicans within 24 hours of study entry. These positive 
blood cultures cleared significantly more rapidly in 
patients treated with anidulafungin than those on fluco- 
nazole (Figure 2). In a Kaplan-Meier analysis, the time to 
negative blood culture was significantly shorter for anidu- 
lafungin compared with fluconazole (log-rank p < 0.05); 
median times to negative blood culture were 2 and 5 
days, respectively. Persistent infection was reported in 
two patients (2.7%) in the anidulafungin group compared 
with eight (13.1%) in the fluconazole group (p < 0.05). 
Survival 

The proportion of patients who died during the 6-week 
period from study entry was 20.3% (15/74) in the anidu- 
lafungin arm and 21.3% (13/61) in the fluconazole arm; 
the Kaplan-Meier estimates of survival at 6 weeks were 
not significantly different between treatment groups (p = 
0.842 by log-rank test). However, fewer deaths occurred 
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End point 



End of IV therapy 
End of all therapy 
2-Week follow-up 
6-Week follow-up 



Global response 

Fluconazole Anidulafungin 



(n = 61) 

38 (62.3) 
34 (55.7) 
30 (49.2) 
29 (47.5) 



n (%) 



(n = 74) 

60(81.1) 
59 (79.7) 
53 (71 .6) 
44 (59.5) 



Absolute percent difference between treatments (95% CI) 



-0- 



-0- 



-0- 



-10 



0 



10 



20 



Figure 1 Global response rates at prespecified time points 



Fluconazole 
better 



30 



Anidulafungin 
better 



18.8(3.7-33.9) 
24.0 (8.5-39.5) 
22.4 (6.2-38.7) 
12.0 (-4.9-28.7) 



40 



within 24 hours of end of treatment with anidulafungin 
than with fluconazole (4 vs 13; p = 0.01 by chi-square 
test). 

Treatment Duration, Discontinuations, and Adverse Events 

Both study drugs were well tolerated and the respective 
safety profiles in patients with C. albicans infection only 
were similar to those in the overall study population [22] . 
The mean duration of IV treatment was 13.8 days (range, 
1-33 days) for anidulafungin and 12.6 days (range, 2-33 
days) for fluconazole. The proportion of patients who 
received open-label fluconazole after end of IV study 
treatment was similar in both groups: 23/74 for anidula- 
fungin (31.1%) and 21/61 (34.4%) for fluconazole. 

The reasons for treatment failure and for discontinua- 
tion of study treatment are summarized in Table 2. 
Treatment discontinuations were more common in the 
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Median time to negative blood cultures: 
Anidulafungin: 2 days (95% CI, 2.0-4.0) 
Fluconazole: 5 days (95% CI, 2.0-7.0) 
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No. at risk: 
Days 0 
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Fluconazole 24 
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20 8 5 2 1 1 1 

21 15 10 5 5 3 1 
Figure 2 Kaplan-Meier estimates of time to first negative 
blood culture. Analyses included patients with positive baseline 
cultures for C, albicans (n = 49) 



fluconazole arm than in the anidulafungin arm, primarily 
because of worsening clinical status. Discontinuations 
due to treatment-related adverse events were reported in 
one patient receiving anidulafungin (elevated liver 
enzymes) and four patients receiving fluconazole (wor- 
sening candidemia [n = 1], elevated liver enzymes [n = 
2], and rash [n = 1]). 

Discussion 

This study represents the first clinical analysis of differen- 
tial response in patients with systemic candidiasis caused 
by C. albicans to an echinocandin versus fluconazole, 
conducted post-hoc in the relevant subpopulation from a 
prospective clinical trial. The significance of this analysis is 
that it enabled us to directly compare the efficacy of a fun- 
gicidal with that of a fungistatic drug in patients with 
C. albicans infections, without potential confounding by 
differences in susceptibility. Despite all isolates of C. albi- 
cans being susceptible to the antifungal agent received by 
each patient, response to anidulafungin was significantly 
greater than to fluconazole. Logistic regression analysis, 
using the Akaike Information Criterion methodology, 
demonstrated that study drug and baseline APACHE II 
score were the principal independent variables determin- 
ing this outcome, reflecting pharmacological and host fac- 
tors, respectively. Study drug remained a significant 
predictor of treatment success even after adjustment for 
APACHE II scores and center variability, with an esti- 
mated OR of 2.6. While there was notable variation in this 
odds ratio, in part due to the relatively small sample size, 
it remained significant from a statistical perspective and 
should therefore be considered important. These results 
suggest a pharmacological benefit of anidulafungin in the 
treatment of systemic candidiasis due to C. albicans, since 
no other factor, such as potential baseline imbalances and 
center variability, was shown to have impacted the 
outcome. 

Understanding the factors determining clinical out- 
comes in patients with C. albicans infections was 



Reboli ef al. BMC Infectious Diseases 201 1, 1 1:261 
http://www.biomedcentral.com/1471-2334/11/261 



Page 6 of 8 



Table 2 Reasons for failure of and withdrawal from study medication 





Anidulafungin 


Fluconazole 


Observed failure^ 


4 


13 


Clinical success and microbiologic failure 13 


0 


I 


C inical fai ure and microbiologic success 


1 


,\ 


Clinical failure and microbiologic failure^ 


3 


7 


Clinically indeterminate and microbiologic failure b 


0 


I 


Indeterminate response c 


10 


10 


Withdrawal from study medication 


12 


21 


Due to adverse event d 


7 


7 


Due to withdrawal of consent 


2 


I 


At investigator's discretion 


1 


3 


Worsening clinical status 


2 


9 


Death within 24 hours of end of IV study treatment b 


■-1 


7 


Receipt of < 3 doses of study medication 


1 


1 



a Observed failure was defined as treatment failure declared by the investigator to be clinical failure, microbiologic failure (i.e. positive findings on culture), or 
both. In these patients mean time to failure was 16.8 days for anidulafungin and 8.9 days for fluconazole. 

b Among those in whom microbiologic failure occurred, two of three patients in the anidulafungin group and eight of nine in the fluconazole group had 
persistent infection. The other two patients in whom microbiologic failure occurred had superinfections. 

c For the primary efficacy analysis, indeterminate response was treated as failure of global response. Patients could be considered to have an indeterminate 
response for more than one reason. 

d In the anidulafungin group, adverse events leading to discontinuation included sepsis (2), renal failure (1), elevated liver enzymes (1), multisystem organ failure 

(1) , cardiac failure (1), and hypoglycemia (1). In the fluconazole group, adverse events leading to discontinuation included renal failure (3), elevated liver enzymes 

(2) , cancer (1), and multisystem organ failure (1). 



important, since treatment differences among this most 
common subpopulation in turn drove the treatment differ- 
ences observed in the overall clinical trial [22]. Among 
patients infected with C. albicans, anidulafungin resulted 
in better global response at end of IV study treatment, at 
the end of all treatment, and at the 2-week follow-up. 
Moreover, patients treated with anidulafungin also had 
more rapid eradication of yeast from the blood, as well as 
lower rates of persistent C. albicans infection. 

Whether the better response of anidulafungin in the 
subpopulation of patients with systemic candidiasis caused 
by C. albicans emerged as the result of an imbalance in 
characteristics between the two treatment arms was not 
evident from the previously available data. However, the 
present analyses show that the efficacy differences were 
not due to imbalances in baseline clinical or demographic 
characteristics between treatment arms. There was also no 
imbalance in the proportion of patients whose central 
venous catheters remained in place during the study; 
this factor is considered important, because removal or 
replacement of central venous catheters may lead to better 
outcomes [26,27]. Moreover, the lower response to fluco- 
nazole could also not be explained by in vitro resistance. 
Finally, first-line therapy with anidulafungin was identified 
as a significant and independent predictor of successful 
treatment outcome and remained so after adjustment for 
APACHE II score. 

Even though we did not specifically test fungicidality, 
the recognized fungicidal properties of the echinocandin 
may have contributed to this outcome. In fact, the more 



rapid clearance of blood cultures and greater patient 
survival during the early phase of therapy are consistent 
with the pharmacodynamic properties of a fungicidal 
agent [15,16,28-30]. Similar results have also been 
observed in pre-clinical studies. For instance, a neutrope- 
nic murine model of disseminated C. albicans infection 
demonstrated that anidulafungin yielded significantly 
greater reduction of fungal burden in the kidneys than 
fluconazole [31] and, in a neutropenic rabbit model of 
systemic candidiasis, anidulafungin cleared C. albicans 
from tissues more effectively than fluconazole [32]. 
Organism-mediated tissue injury appears to be an intrin- 
sic component of C. albicans pathogenesis [33-37], and 
failure to quickly control candidemia can lead to dissemi- 
nated infection and poor outcomes [38,39]. Considered 
together, these results suggest that the enhanced fungici- 
dal activity of echinocandins may have an impact on 
treatment outcomes in invasive C. albicans infections. 

Although there was a clear clinical benefit with anidula- 
fungin, this did not translate into a difference in long-term 
survival. We can merely speculate why this may have 
occurred. It is possible that later deaths were attributable 
to underlying illnesses rather than to systemic candidiasis. 
In a matched case-controlled study among candidemia- 
exposed and candidemia-unexposed patients, slightly less 
than half of the overall mortality was caused by candide- 
mia [2] . Another possible explanation is that optimal man- 
agement of patients with invasive Candida infections 
includes other interventions besides antifungal therapy, 
and these factors were not controlled for in our study. 



Reboli ef al. BMC Infectious Diseases 201 1, 1 1:261 
http://www.biomedcentral.com/1471-2334/11/261 



Page 7 of 8 



Also, the clinical trial may have selected for patients with 
better prognoses, thus making it more difficult to demon- 
strate a survival benefit. 

Our study has several potential limitations. Although the 
comparison of global response in patients with C. albicans 
infection was planned a priori, the analyses described in 
this manuscript were performed post-hoc in a subset of 
patients, albeit using prospectively collected data from a 
double-blind, randomized clinical trial. Owing to the post- 
hoc nature of these analyses, the two treatment groups did 
not have the same sample size, which was not chosen to 
be statistically powered. However, this slight disproportion 
should not impact our overall results, as all relevant differ- 
ences in baseline factors were adjusted for using multivari- 
ate logistic regression; the odds ratio for the treatment 
effect is thus corrected for any baseline imbalances. Of 
note, despite incorporating a relatively large number of 
baseline variables into the multivariate analyses, there may 
have been unidentified confounding variables with a 
potentially significant impact on response. Since no adjust- 
ment was made for multiplicity, the results should be 
interpreted with some caution. Another potential limita- 
tion is the lack of daily blood culture collection during the 
original trial, which precluded an accurate determination 
of the exact time to negative blood culture; the corre- 
sponding analysis should thus be interpreted with some 
caution. This shortcoming is somewhat compensated for 
by the fact that the vast majority of blood cultures were 
collected on time points (± 1 day) prespecified by the 
study protocol. Finally, extrapolation of our results to all 
patients with systemic candidiasis due to C. albicans may 
not be appropriate, since we focused on patients with 
C. albicans only and excluded those with mixed {albicans 
and won- albicans) infections. 

Conclusions 

This analysis based on prospectively collected data from a 
pivotal clinical trial confirms that anidulafungin had better 
efficacy than fluconazole for the treatment of candidemia 
or invasive candidiasis due to C. albicans. In these patients 
with systemic candidiasis caused by fluconazole-suscepti- 
ble C. albicans, anidulafungin was more effective than flu- 
conazole in terms of better global response, faster 
clearance of Candida from the bloodstream, and fewer 
persistent infections. 

Abbreviations 

APACHE: Acute Physiology and Chronic Health Evaluation; CI: confidence 
interval; IDSA: Infectious Diseases Society of America; IV: intravenous; MICs: 
minimum inhibitory concentrations; mlTT: modified intention-to-treat; SD: 
standard deviation. 

Acknowledgements and funding 

The original clinical trial was sponsored by Vicuron; Vicuron was acguired by 
Pfizer Inc. in July 2005. The analyses described in this manuscript were 
undertaken by Pfizer Inc in collaboration with the authors. All authors had 
access to the resultant data. Editorial support (editing for language/spelling/ 



grammar and consistent style; coordinating manuscript review; incorporating 
author revisions; formatting tables and figures; fact checking; and assistance 
with submission) was provided by Dominik Wolf at PAREXEL and was 
funded by Pfizer Inc. 

Author details 

1 Division of Infectious Diseases, Cooper Medical School of Rowan University, 

2 Aquarium Drive, Suite 305, Camden, NJ, 08103 USA. 2 Pulmonary Critical 
Care Section, Washington Hospital Center, Washington, DC, USA. 3 Division of 
Infectious Diseases, University of Toronto University Health Network, Toronto, 
ON, Canada. 4 Mycoses Study Group Division of Infectious Diseases, University 
of Alabama at Birmingham, Birmingham, AL, USA. department of Clinical 
Medicine, University of Miami Miller School of Medicine, Miami, FL, USA. 
6 Pfizer Specialty Care (Anti-lnfectives), Pfizer Inc, New York, NY, USA. 'Pfizer 
Specialty Care (Statistics), Pfizer Inc, New York, NY, USA. "Pfizer Specialty Care 
(Statistics), Pfizer Inc, Collegeville, Pennsylvania, PA, USA. 'Division of 
Infectious Diseases, Weill Cornell Medical College of Cornell University and 
New York Presbyterian Hospital, New York, NY, USA. 

Authors' contributions 

ACR, CR, PGP, DHK and TJW participated in the original clinical trial. ALR and 
PB conducted the statistical analyses described in this paper. ACR, AFS, HTS 
and TJW interpreted the statistical analyses, with subsequent input from CR, 
PGP, and DHK. ACR and HTS wrote the first draft of the manuscript. All 
authors critically revised the manuscript for important intellectual content 
and have read and approved the final version. 

Competing interests 

Potential conflicts of interest: ACR has received clinical research grant 
support from Merck and Pfizer, has been a consultant for Merck, Astellas, 
and Pfizer, and has been a lecturer for Pfizer and Merck. AFS has served as a 
consultant to, speaker for, and/or has received research support from 
Astellas, Merck, and Pfizer. CR has received grant/research support from 
Astellas, Basilea, Johnson & Johnson, Merck, and Pfizer; has been a 
consultant to Astellas, Bayer, iCo, Merck, and Pfizer; and has served on 
Speakers' Bureaus for Astellas, Bayer, Johnson & Johnson, Merck, and Pfizer. 
PGP has received grant/research support from Merck, Pfizer, and Astellas, 
and has been an ad hoc advisor to Novartis, Merck, Astellas and Pfizer. DHK 
has received research support from Pfizer, Astellas, and Akers Bioscience; has 
been a consultant to Pfizer and Astellas; and has served as a speaker for 
Pfizer, Astellas, and GlaxoSmithKline. TJW has served as consultant to Trius, 
Novartis, Vestagen, Sigma Tau, and iCo. HTS, ALR, and PB are full-time 
employees of Pfizer Inc. 

Received: 1 April 2011 Accepted: 30 September 2011 
Published: 30 September 2011 

References 

1. Rentz AM, Halpern MT, Bowden R: The impact of candidemia on length 
of hospital stay, outcome, and overall cost of illness. Clin Infect Dis 1998, 
27:781-788. 

2. Zaoutis TE, Argon J, Chu J, Berlin JA, Walsh TJ, Feudtner C: The 
epidemiology and attributable outcomes of candidemia in adults and 
children hospitalized in the United States: a propensity analysis. Clin 
Infect Dis 2005, 41:1232-1239. 

3. Pappas PG, Rex JH, Lee J, Hamill RJ, Larsen RA, Powderly W, Kauffman CA, 
Hyslop N, Mangino JE, Chapman S, Horowitz HW, Edwards JE, 
Dismukes WE, NIAID Mycoses Study Group: A prospective observational 
study of candidemia: epidemiology, therapy, and influences on mortality 
in hospitalized adult and pediatric patients. Clin Infect Dis 2003, 
37:634-643. 

4. Pfaller MA, Diekema DJ: Epidemiology of invasive candidiasis: a persistent 
public health problem. Clin Microbiol Rev 2007, 20:133-163. 

5. Richardson MD: Changing patterns and trends in systemic fungal 
infections. J Antimicrob Chemother 2005, 56(Suppl 1):i5-il 1 . 

6. Wisplinghoff H, Bischoff T Tallent SM, Seifert H, Wenzel RP, Edmond MB: 
Nosocomial bloodstream infections in US hospitals: analysis of 24,179 
cases from a prospective nationwide surveillance study. Clin Infect Dis 
2004, 39:309-317. 

7. Cuenca-Estrella M, Mellado E, Diaz-Guerra TM, Monzon A, Rodriguez- 
Tudela JL: Susceptibility of fluconazole-resistant clinical isolates of 
Candida spp. to echinocandin LY303366, itraconazole and amphotericin 

B. J Antimicrob Chemother 2000, 46:475-477. 



Reboli ef al. BMC Infectious Diseases 201 1, 1 1:261 
http://www.biomedcentral.com/1471-2334/11/261 



Page 8 of 8 



8. Ostrosky-Zeichner L, Rex JH, Pappas PG, Hamill RJ, Larsen RA, Horowitz HW, 
Powderly WG, Hyslop N, KaufTman CA, Cleary J, Mangino JE, Lee J: 
Antifungal susceptibility survey of 2,000 bloodstream Candida isolates in 
the United States. Antimiaob Agents Chemother 2003, 47:3149-3154. 

9. Marco F, Danes C, Almela M, Jurado A, Mensa J, de la Bellacasa JP, 
Espasa M, Martinez JA, Jimenez de Anta MT: Trends in frequency and in 
vitro susceptibilities to antifungal agents, including voriconazole and 
anidulafungin, of Candida bloodstream isolates. Results from a six-year 
study (1996-2001). Diagn Microbiol Infect Dis 2003, 46:259-264. 

10. Horn DL, Neofytos D, Anaissie EJ, Fishman JA, Steinbach WJ, Olyaei AJ, 
Marr KA, Pfaller MA, Chang CH, Webster KM: Epidemiology and outcomes 
of candidemia in 2019 patients: data from the prospective antifungal 
therapy alliance registry. Clin Infect Dis 2009, 48:1695-1703. 

11. Pfaller MA, Diekema DJ, Jones RN, Sader HS, Fluit AC, Hollis RJ, Messer SA, 
SENTRY Participant Group: International surveillance of bloodstream 
infections due to Candida species: frequency of occurrence and in vitro 
susceptibilities to fluconazole, ravuconazole, and voriconazole of isolates 
collected from 1997 through 1999 in the SENTRY antimicrobial 
surveillance program. J Clin Microbiol 2001, 39:3254-3259. 

1 2. Diekema DJ, Messer SA, Brueggemann AB, Coffman SL, Doern GV, 
Herwaldt LA, Pfaller MA: Epidemiology of candidemia: 3-year results from 
the emerging infections and the epidemiology of Iowa organisms study. 
J Clin Microbiol 2002, 40:1298-1302. 

1 3. Pappas PG, Rex JH, Sobel JD, Filler SG, Dismukes WE, Walsh TJ, Edwards JE, 
Infectious Diseases Society of America: Guidelines for treatment of 
candidiasis. Clin Infect Dis 2004, 38:161-189. 

14. Pappas PG, Kauffman CA, Andes D, Benjamin DK Jr, Calandra TF, Edwards JE 
Jr, Filler SG, Fisher JF, Kullberg BJ, Ostrosky-Zeichner L, Reboli AC, Rex JH, 
Walsh TJ, Sobel JD, Infectious Diseases Society of America: Clinical practice 
guidelines for the management of candidiasis: 2009 update by the 
Infectious Diseases Society of America. Clin Infect Dis 2009, 48:503-535. 

15. Petraitiene R, Petraitis V, Groll A, Candelario M, Sein T, Bell A, Lyman CA, 
McMillian CL, Bacher J, Walsh TJ: Antifungal efficacy, safety, and single 
dose plasma pharmacokinetics of LY303366, a novel echinocandin B, in 
experimental disseminated candidiasis in persistently neutropenic 
rabbits. Antimicrob Agents Chemother 1999, 43:2148-2155. 

16. Petraitis V, Petraitiene R, Groll AH, Sein T, Schaufele RL, Lyman CA, 
Francesconi A, Bacher J, Piscitelli SC, Walsh TJ: Dosage-dependent 
antifungal efficacy of the echinocandin VER-002 (LY303366) against 
experimental fluconazole-resistant oropharyngeal and esophageal 
candidiasis. Antimicrob Agents Chemother 2001, 45:471-479. 

17. Pfaller MA, Boyken L, Hollis RJ, Messer SA, Tendolkar S, Diekema DJ: In vitro 
activities of anidulafungin against more than 2,500 clinical isolates of 
Candida spp., including 315 isolates resistant to fluconazole. J Clin 
Microbiol 2005, 43:5425-5427. 

18. Messer SA, Moet GJ, Kirby JT, Jones RN: Activity of contemporary 
antifungal agents, including the novel echinocandin anidulafungin, 
tested against Candida spp., Cryptococcus spp, and Aspergillus spp.: 
report from the SENTRY Antimicrobial Surveillance Program (2006 to 
2007). J Clin Microbiol 2009, 47:1942-1946. 

19. Dowell JA, Stogniew M, Krause D, Damle B: Anidulafungin does not 
require dosage adjustment in subjects with varying degrees of hepatic 
or renal impairment. J Clin Pharmacol 2007, 47:461-470. 

20. Hebert MF, Smith HE, Marbury TC, Swan SK, Smith WB, Townsend RW, 
Buell D, Keirns J, Bekersky I: Pharmacokinetics of micafungin in healthy 
volunteers, volunteers with moderate liver disease, and volunteers with 
renal dysfunction. J Clin Pharmacol 2005, 45:1 145-1 152. 

21. Stone EA, Fung HB, Kirschenbaum HL: Caspofungin: an echinocandin 
antifungal agent. Clin Ther 2002, 24:351-377. 

22. Reboli AC, Rotstein C, Pappas PG, Chapman SW, Kett DH, Kumar D, Betts R, 
Wible M, Goldstein BP, Schranz J, Krause DS, Walsh TJ, Anidulafungin Study 
Group: Anidulafungin versus fluconazole for invasive candidiasis. N Engl J 
Med 2007, 356:2472-2482. 

23. National Committee for Clinical Laboratory Standards: Reference method 
for broth dilution antifungal susceptibility testing of yeasts; approved 
standard NCCLS document M27-A2. Wayne, PA: National Committee for 
Clinical Laboratory Standards; 2002. 

24. Ostrosky-Zeichner L, Rex JH, Pfaller MA, Diekema DJ, Alexander BD, 
Andes D, Brown SD, Chaturvedi V, Ghannoum MA, Knapp CC, Sheehan DJ, 
Walsh TJ: Rationale for reading fluconazole MICs at 24 hours rather than 
48 hours when testing Candida spp. by the CLSI M27-A2 standard 
method. Antimicrob Agents Chemother 2008, 52:41 75-41 77. 



25. Akaike H: A new look at the statistical model identification. IEEE Trans 
Automat Contr 1974, 19:716-723. 

26. Pappas PG, Rotstein CM, Betts RF, Nucci M, Talwar D, De Waele JJ, 
Vazquez JA, Dupont BF, Horn DL, Ostrosky-Zeichner L, Reboli AC, Suh B, 
Digumarti R, Wu C, Kovanda LL, Arnold LJ, Buell DN: Micafungin versus 
caspofungin for treatment of candidemia and other forms of invasive 
candidiasis. Clin Infect Dis 2007, 45:883-893. 

27. Rex JH, Pappas PG, Karchmer AW, Sobel J, Edwards JE, Hadley S, Brass C, 
Vazquez JA, Chapman SW, Horowitz HW, Zervos M, McKinsey D, Lee J, 
Babinchak T, Bradsher RW, Cleary JD, Cohen DM, Danziger L, Goldman M, 
Goodman J, Hilton E, Hyslop NE, Kett DH, Lutz J, Rubin RH, Scheld WM, 
Schuster M, Simmons B, Stein DK, Washburn RG, , , , , , National Institute 
of Allergy and Infectious Diseases Mycoses Study Group, et al: A 
randomized and blinded multicenter trial of high-dose fluconazole plus 
placebo versus fluconazole plus amphotericin B as therapy for 
candidemia and its consequences in nonneutropenic subjects. Clin Infect 
Dis 2003, 36:1221-1228. 

28. de la Torre P, Reboli AC: Anidulafungin: a new echinocandin for candidal 
infections. Expert Rev Anti Infect Ther 2007, 5:45-52. 

29. Espinel-lngroff A: In vitro antifungal activities of anidulafungin and 
micafungin, licensed agents and the investigational triazole 
posaconazole as determined by NCCLS methods for 12,052 fungal 
isolates: review of the literature. Rev Iberoam Micol 2003, 20:121-136. 

30. Moore CB, Oakley KL, Denning DW: In vitro activity of a new 
echinocandin, LY303366, and comparison with fluconazole, flucytosine 
and amphotericin B against Candida species. Clin Microbiol Infect 2001, 
7:11-16. 

31. Krishnan-Natesan S, Cutright J, Manavathu EK, Alangaden GJ, Revankar S, 
Chandrasekar PH: A comparative study of the in vivo efficacy of 
anidulafungin, caspofungin and fluconazole on the early stage of 
infection in a neutropenic murine disseminated candidiasis infection 
model. Int J Antimicrob Agents 201 0, 36:33-36. 

32. Petraitiene R, Petraitis V, Greene L, Cotton MP, Aghamolla T, Valdez JM, 
Bacher J, Walsh TJ: Efficacy of anidulafungin (AFG) vs. fluconazole (FLC) 
in treatment of experimental disseminated candidiasis in persistently 
neutropenic rabbits: effects of early treatment (ERx) and delayed 
treatment (DRx). Proceedings of 49th Interscience Conference on 
Antimicrobial Agents and Chemotherapy (ICAAC): 12-15 September 2009 San 
Francisco, CA. American Society for Microbiology; 2009. 

33. Hao B, Clancy CJ, Cheng S, Raman SB, Iczkowski KA, Nguyen MH: Candida 
albicans RFX2 encodes a DNA binding protein involved in DNA damage 
responses, morphogenesis, and virulence. Eukaryot Cell 2009, 8:627-639. 

34. Hosogi S, Iwasaki Y, Yamada T, Komatani-Tamiya N, Hiramatsu A, Kohno Y, 
Ueda M, Arimoto T, Marunaka Y: Effect of inducible nitric oxide synthase 
on apoptosis in Candida-induced acute lung injury. Biomed Res 2008, 
29:257-266. 

35. Mullick A, Leon Z, Min-Oo G, Berghout J, Lo R, Daniels E, Gros P: Cardiac 
failure in C5-deficient A/J mice after Candida albicans infection. Infect 
Immun 2006, 74:4439-3351. 

36. Spellberg B, Ibrahim AS, Edwards JE Jr, Filler SG: Mice with disseminated 
candidiasis die of progressive sepsis. J Infect Dis 2005, 192:336-343. 

37. Correa SG, Rodriguez-Galan MC, Salido-Renteria B, Cano R, Cejas H, 
Sotomayor CE: High dissemination and hepatotoxicity in rats infected 
with Candida albicans after stress exposure: potential sensitization to 
liver damage. Int Immunol 2004, 16:1761-1768. 

38. Lecciones JA, Lee JW, Navarro E, Witebsky FG, Marshall D, Steinberg SM, 
Pizzo PA, Walsh TJ: Vascular catheter-associated fungemia in cancer 
patients: analysis of 155 episodes. Rev Infect Dis 1992, 14:875-883. 

39. Berenguer J, Buck M, Witebsky F, Stock F, Pizzo PA, Walsh TJ: Lysis- 
centrifugation blood cultures in the detection of tissue-proven invasive 
candidiasis: disseminated versus single organ infection. Diagnostic 
Microbiol Infect Dis 1993, 17:103-109. 

Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.eom/1471-2334/1 1/261 /prepub 



doi:1 0.1 1 86/1 471-2334-1 1 -261 

Cite this article as: Reboli et ah Anidulafungin compared with 
fluconazole for treatment of candidemia and other forms of invasive 
candidiasis caused by Candida albicans: a multivariate analysis of 
factors associated with improved outcome. BMC Infectious Diseases 201 1 
11:261. 



